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Abstract — In this investigation, we compare crosstalk 
analysis, simulation, and measurement results for electrically 
short configurations. Methods include hand calculations, 
PSPICE simulations, Microstripes transient field solver, and 
empirical measurement. In total, four representative physical 
configurations are examined, including a single wire over a 
ground plane, a twisted pair over a ground plane, generator plus 
receptor wires inside a cylindrical conduit, and a single receptor 
wire inside a cylindrical conduit. Part 1 addresses the first two 
cases, and Part 2 addresses the final two. Agreement between 
the analysis methods and test data is shown to be very good. 

I. Introduction 

This paper represents the second part of a two-paper 
investigation into comparing crosstalk analyses, simulations, 
and experimental results. In the first paper, single wire and 
twisted pair wiring were examined. In this second paper, we 
examine two additional cases. The first is a noisy generator 
wire and passive receptor wire both enclosed in a solid 
conducting conduit. The second case has the receptor wire 
inside the shielding conduit, with the generator wire outside. 

With each configuration, the system was first modeled 
using per-unit-length capacitances and inductances (both self 
and mutual). This served as a distributed lumped model 
representation of the electromagnetic coupling and offered a 
straightforward method with which to perform hand 
calculations and PSPICE simulations. In all cases, per unit 
impedances were determined using the equations given in [1]. 

Simulations were completed using both PSPICE and CST’s 
Microstripes - a time-domain field solver that uses the 
transmission line matrix (TLM) method. That method 
“meshes” the physical model in three dimensions and treats 
each piece as a transmission line structure. 

Measurements of V NE and V FE were taken across the near- 
and far-end resistors, R NE and R FE , respectively. Resistors R NE 
and R fe were varied from 20ft - 1960ft, but kept equal to 
each other. Resistor R L was also independently varied. V s was 
adjusted for every test case to apply a constant 1.75V 
amplitude 5MHz sinusoid across the load resistor, allowing 
the losses associated with R s to be removed from the analysis. 

The importance of this work is twofold. First, it clearly 
demonstrates the applicability (and limitations) of lumped 
circuit crosstalk analyses. It also identifies and discusses 
important crosstalk effects only discernible from varying 


system impedances. Such discussion is not typically included 
in prevalent literature which focuses instead on studying 
crosstalk across varying frequencies. 

II. Shielded Generator and Receptor Configuration 
A. Hand Calculations 

For the third test case, the generator and receptor wires 
were routed parallel inside a cylindrical aluminum conduit 
shield. The setup is shown in Fig. 1. 



Fig. 1 Shielded generator and receptor configuration 


The per-unit-length inductance and capacitance, and V NE , 
V FE equations were calculated with the following equations 
from [1]. 
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Where r sh is the inner radius of the pipe, d is the radial 
distance of the wire measured from the center of the conduit, 
and 0 G r is the separation angle of the wires. Once again, the 
standard wire-to-wire crosstalk equations were used to predict 
V NE and V FE . 
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B. Simulations 

Simulations were completed using both PSPICE and CST’s 
Microstripes - a time-domain field solver that uses the 
transmission line matrix (TLM) method. That method 
“meshes” the physical model in three dimensions and treats 
each piece as a transmission line structure. 

The per-unit-length circuit model parameters calculated for 
hand calculations were also fed directly into PSPICE. The 
PSPICE circuit is identical for the unshielded single-wire case 
(but with different per-unit-length impedances), given as Fig. 
2. The inductive coupling between generator and receptor 
circuits was achieved using the PSPICE K-Coupling element. 
Capacitive coupling was achieved through the inclusion of C M . 
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Fig. 2 PSPICE shielded generator and receptor model 


Microstripes model creator was used to generate a 3D 
representation of the crosstalk assembly. The software tool 
allows either the importing of CAD files or the direct drawing 
of physical systems. Geometries as well as the 
electromagnetic properties of all materials are considered 
during simulation. 



C. Results 

For the shielded generator + receptor wire case, the results 
obtained from all four methods (experimentation, hand 
calculations, PSPICE, and Microstripes) were in reasonable 
agreement, with some minor discrepancies seen using the field 
solver. The differences are attributed to difficulty in 
measuring the precise wire-to-conduit geometry. 

Fig. 5 and Fig. 6 show the magnitude of V NE and V FE for the 
case when R L was varied, with R NE and R FE held constant at 
51 IQ. As was with the unshielded case (see Part 1 of this 
paper series), three distinct regions of crosstalk coupling can 
be identified. In the first region, R L is small, and the inductive 
coupling acts as the primary crosstalk mechanism. The inverse 
relation between generator current and load resistance causes 
both the near- and far-end crosstalk voltages to decrease with 
increasing R L . As R L further increases in value, a point is 
reached where V FE essentially goes to zero as inductive and 
capacitive coupling cancel. The near-end voltage on the other 
hand is simply the sum of the capacitive and inductive terms. 
Finally, in the final region, R L becomes large enough that the 
capacitive term becomes the dominant coupling mechanism. 
This causes V NE and V FE to approach a constant value as can 
easily be seen from (7) and (8). 

Fig. 7 and Fig. 8 show the results obtained when Rne and 
R fe were varied for a constant R L , again arbitrarily chosen to 
be 51 IQ. For simplicity, R NE and R FE were kept equal as they 
were increased. The four methods once again generally agreed 
well (both in trend and values). Inductive coupling is the 
dominant mechanism for low values of R L or R NE and R FE . For 
higher impedance values, capacitive coupling dominates. 
When increasing R NE and R FE , the near-end crosstalk voltages 
increase as expected from (7). Far-end crosstalk initially 
decreases due to the cancelation between inductive and 
capacitive terms. Beyond that point, the slope turns positive as 
capacitive coupling dominates. This also agrees with (8). 

This configuration exhibited the same general trends of the 
single-wire case, but with significantly reduced coupling 
levels (both capacitive and inductive). The overall conduit 
shield reduces the net coupling between the generator and 
receptor wire by essentially acting to create wire images with 
greater separation distances, as shown in Fig. 4. This effect is 
discussed in [1]. 
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Fig. 3 Microstripes model 
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Fig. 6 Vfe, vary Rl, Conduit 



Fig. 7 Vne, vary Rne Rfe, Conduit 
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Fig. 8 Vfe, vary Rne Rfh, Conduit 


III. Shielded Receptor (One or Both Ends Grounded) 

The fourth case involved running a single receptor wire 
inside a cylindrical aluminum conduit shield. A single 
generator wire ran parallel to the shield. The shield 
termination was varied from being grounded either at the near 
end only or both the near and far ends. The setup is shown in 
Fig. 9. 



Fig. 9 Shielded receptor configuration 

The per-unit-length inductances and capacitances were 
calculated with equations given in [1] - not repeated here for 
brevity. Those feed directly into the near- and far-end voltage 
calculations, V NE and V FE as shown below. 


Shield grounded at near end: 
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From basic field theory, one would expect a reduction in 
crosstalk due to the shielding. For the single-ended shield 
connection, shown in Fig. 10 - Fig. 13, inductive coupling is 
still present at low values of R L . But as R L increases, the 
coupling drops off rapidly towards the near zero level of 
capacitive coupling. For the shield connected at both ends, 
both the inductive and capacitive coupling are greatly reduced 
as shown in Fig. 14 - Fig. 17. The coupled voltages remain 
essentially flat due to the constant ratio [R NE ! (R N e+ Rfe)\- 
Inductive coupling reduction is due to the magnetic flux 
cancelation between the generator currents and shield currents. 
Experimental data was slightly higher than predicted levels 
due to measurement limitations and ambient noise levels. 
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Fig. 10 Vne, vary R L , Shielded (one end grounded) 




Fig. 14 Vne, vary R l , Shielded (both ends grounded) 


Shielded Case (both ends grounded) 
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Fig. 15 Vfe, vary R L , Shielded (both ends grounded) 
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Fig. 12 Vne, vary Rne Rfe, Shielded (one end grounded) 


Fig. 16 VNE, vary RNE RFE, Shielded (both ends grounded) 




Fig. 13 Vfe, vary Rne Rfe, Shielded (one end grounded) Fig. 17 VFE, vary RNE RFE, Shielded (both ends grounded) 


